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(57) • A multiplex communication system includes a 
scaling circuit for controlling, in response to a scaling 
control signal, the signal level of a digital multiplex signal 
digital generated by a modulation circuit: a variable at- 
tenuation circuit for attenuating the signal level of the 
RF signal output from a quadrature modulation circuit in 
response to an attenuation control signal: and a control 
signal generating circuit for generating a scaling control 



signal in response to the effective value of the digital 
multiplex signal generated by the digital modulation cir- 
cuit and in accordance with a digital conversion value 
corresponding to a desired input level of the quadrature 
modulation circuit, for supplying its output to the scaling 
circuit, for generating an attenuation control signal in re- 
sponse to the scaling control signal, and for supplying it 
to the variable attenuation circuit. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a multiplex 
communication system and its signal processing meth- 
od. 

BACKGROUND ART 

[0002] As communication schemes of a multiplex 
communication system that carries out communications 
by multiplexing digital signals of multiple channels, there 
are FDMA (Frequency Division Multiplex Access), TD- 
MA (Time Division Multiplex Access), CDMA (Code Di- 
vision Multiplex Access) and the like. Fig. 1 is a block 
diagram showing a configuration of a conventional di- 
rect sequence CDMA base station transmitter. In this fig- 
ure, the reference numeral 1 designates a digital mod- 
ulation circuit that carries out data modulation and direct 
sequence CDMA modulation of coded transmission da- 
ta of multiple channels to generate spread modulation 
signals each with an in-phase I component and a quad- 
rature Q component, and that carries out multiplex 
processing of the I components and Q components of 
the channels independently, thereby generating a digital 
multiplex signal with an I component and a Q compo- 
nent. The reference numeral 2 designates a digital filter 
for band-limiting the I and Q components of the digital 
multiplex signal independently; and 3 designates a D/A 
converter for converting the I and Q components into 
analog signals, respectively, thereby generating analog 
baseband signals of the I and Q components. The ref- 
erence numeral 4 designates a quadrature modulation 
circuit for converting the analog baseband signals of the 
I and Q components into an RF signal; 5 designates a 
transmitting amplifier for amplifying the RF signal; and 
6 designates a transmitting antenna. 
[0003] Next, the operation will be described. 
[0004] The digital modulation circuit 1 separates the 
coded transmission data of each channel to the I and Q 
components through the data modulation, followed by 
the direct sequence CDMA modulation. In addition, the 
I and Q spread signals of individual channels are 
summed up separately for the I and Q components by 
a multiplexing circuit installed in the digital modulation 
circuit 1, and are output as the I and Q components of 
the digital multiplex signal. In the direct sequence CDMA 
scheme, the transmission power of each channel is var- 
iable independently. Accordingly, the digital multiplex 
signal consisting of the I and Q components generated 
by the digital modulation circuit 1 is multivalued data with 
amplitude fluctuations. 

[0005] The digital filter 2 band-limits the digital multi- 
plex signal consisting of the I and Q components, which 
is the multivalued data. The D/A converter 3 converts 
the I and Q components into the analog signals, respec- 
tively, thereby generating the analog baseband signals 



consisting of the I and Q components. The quadrature 
modulation circuit 4 up-converts the analog baseband 
signals consisting of the I and Q components to the RF 
signal. The transmitting amplifier 5 amplifies the RF sig- 
5 nal, and transmits the amplified RF signal via the trans- 
mitting antenna 6. 

[0006] In the conventional direct sequence CDMA 
base station transmitter, the signal level of the analog 
baseband signal supplied to the quadrature modulation 

10 circuit 4 fluctuates because of the multiplexing state of 
the base station or becasuse of the fluctuations of each 
channel power. When the signal level of the analog 
baseband signal supplied to the quadrature modulation 
circuit 4 exceeds the dynamic range that will achieve 

15 good characteristics of the quadrature modulation cir- 
cuit 4. a drawback can arise because of the degradation 
in frequency characteristics due to adjacent channel 
leakage power. 

[0007] Accordingly, to maintain good quality of the 

20 transmission waveform and frequency characteristics 
even at the maximum power transmission, the quadra- 
ture modulation circuit 4 is adjusted such that the signal 
level of the input analog baseband signal takes a max- 
imum value within the dynamic range that will enable 

25 the good characteristics. 

[0008] In the conventional direct sequence CDMA 
base station transmitter with the foregoing configura- 
tion, the signal level of the analog baseband signal, that 
is, the dynamic range of the digital multiplex signal gen- 

30 erated by the digital modulation circuit 1 becomes the 
dynamic range required of the quadrature modulation 
circuit 4. However, since the digital modulation circuit 1 
multiplexes multiple channels, the number and power of 
which vary greatly, the signal level of the digital multiplex 

35 signal fluctuates greatly. As a result, the dynamic range 
of the analog baseband signal becomes much greater 
than the dynamic range of the quadrature modulation 
circuit 4. 

[0009] On the other hand, when the total power of the 

40 variable powers multiplexed by the digital modulation 
circuit 1 is small, or the number of the multiplexing is 
small, the signal level of the digital multiplex signal is 
small. Thus, the analog baseband signal is much small- 
er than the dynamic range of the quadrature modulation 

45 circuit 4. As a result, a carrier leakage component be- 
comes dominant over the RF signal generated by the 
quadrature modulation circuit 4. thereby causing a prob- 
lem of the degradation in the waveform quality. 
[0010] The present invention is implemented to solve 

50 the foregoing problem. Therefore, an object of the 
present invention is to provide a multiplex communica- 
tion system and its signal processing method that can 
limit the degradation in the transmission signal wave- 
form quality because of too great or too small an input 

55 signal level to the quadrature modulation circuit, and 
that can correct the signal level in the stages following 
the quadrature modulation circuit to its normal level. It 
is achieved by maintaining the input signal level to the 
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quadrature modulation circuit within the dynamic range 
of the quadrature modulation circuit, even when the sig- 
nal level of the digital multiplex signal fluctuates be- 
cause of the multiplexing state of the base station or be- 
cause of the power fluctuations of individual channels. 

DISCLOSURE OF THE INVENTION 

[0011] According to a first aspect of the present inven- 
tion, there is provided a multiplex communication sys- 
tem in which signal converting means converts into an 
analog baseband signal a digital multiplex signal con- 
sisting of a plurality of digital signals multiplexed, and in 
which quadrature modulation means converts the ana- 
log baseband signal into an RF signal, the multiplex 
communication system comprising: 
scaling calculation means for calculating a scaling fac- 
tor, which is used for amplitude adjusting processing of 
the digital multiplex signal, in response to an amplitude 
of the digital multiplex signal generated by digital mod- 
ulation means and in accordance with an amplitude 
range suitable for signal processing by the quadrature 
modulation means; 

scaling control means for performing the amplitude ad- 
justing processing of the digital multiplex signal in re- 
sponse to the scaling factor calculated by the scaling 
calculation means, and for supplying its result to the sig- 
nal converting means; control signal generating means 
for generating a correction control signal in response to 
the scaling factor generated by the scaling calculation 
means; and signal correcting means for performing, in 
response to the correction control signal, correction 
processing of the RF signal output from the quadrature 
modulation means to cancel out effect of the amplitude 
adjusting processing carried out by the scaling control 
means. 

[0012] Thus, it can prevent the degradation in fre- 
quency characteristics because of adjacent channel 
leakage powerthat can occurwhen the input signal level 
to the quadrature modulation means is too large, and 
the degradation in waveform quality because of the 
dominant carrier leakage component of the RF signal 
that can occur when the input signal level is too small. 
In addition, it can cancel out the effect of the control by 
the scaling control means on the RF signal output from 
the quadrature modulation means, thereby offering an 
advantage of being able to correct the signal level to its 
original level. 

[0013] Here, in the multiplex communication system, 
the control signal generating means may calculate the 
scaling factor from an effective value of amplitudes of 
an in-phase component and a quadrature component of 
the digital multiplex signal and from a digital conversion 
value of the amplitude range suitable for the signal 
processing of the quadrature modulation means, the 
digital multiplex signal being generated by data modu- 
lation followed by direct sequence CDMA modulation of 
coded transmission data of multiple channels by the dig- 



ital modulation means. 

[0014] Thus, in the multiplex communication of the di- 
rect sequence CDMA scheme, it can prevent the deg- 
radation in frequency characteristics because of adja- 

5 cent channel leakage power that can occur when the 
input signal level to the quadrature modulation means 
is too large, and the degradation in waveform quality be- 
cause of the dominant carrier leakage component of the 
RF signal that can occur when the input signal level is 

10 too small. In addition, it can cancel out the effect of the 
control by the scaling control means on the RF signal 
output from the quadrature modulation means, thereby 
offering an advantage of being able to correct the signal 
level to its original level. 

15 [0015] In the multiplex communication system, the 
control signal generating means may calculate the scal- 
ing factor by S = INT{log 2 <D/Z)}, and supply the scaling 
factor to the scaling control means as a scaling control 
signal, and the scaling control means may shift up by S 

20 bits the digital multiplex signal consisting of the in-phase 
component and quadrature component generated by 
the digital modulation means when the scaling control 
signal is positive, and shift it down by S bits when the 
scaling control signal is negative. 

25 [0016] Thus, it offers an advantage of being able to 
achieve the scaling processing easily by the bit shift 
processing by the scaling means. 
[0017] In the multiplex communication system, the 
control signal generating means may provide the digital 

30 conversion value D with a hysteresis characteristic, and 
carry out S-bit shift up or down of the digital multiplex 
signal composed of the in-phase component and quad- 
rature component generated by the digital modulation 
means. 

35 [0018] Thus, even when the effective value of the dig- 
ital multiplex signal repeats the increase and decrease 
near the changing point of the scaling factor, it can pre- 
vent the scaling factor from being changed frequently. 
As a result, it is not necessary for the scaling control 

40 means to carry out the bit shift processing frequently, 
and for the control signal generating means to generate 
the attenuation control signal frequently, thereby making 
it possible to improve the stability of the operation. 
[0019] In the multiplex communication system, the 

45 control signal generating means may supply the signal 
correcting means with the correction control signal 
passing through RAMP processing that is performed in 
response to the correction control signal generated at a 
predetermined time before and the correction control 

50 signal generated at present. 

[0020] Thus, it can smooth the variations in the cor- 
rection control signal to be supplied, thereby offering an 
advantage of being able to prevent the degradation in 
the frequency characteristics because of the abrupt 

55 change in the correction control signal. 

[0021] According to a second aspect of the present 
invention, there is provided a signal processing method 
of a multiplex communication system in which signal 
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signal generated by digital modulation means 
and in accordance with an amplitude range 
suitable for signal processing by said quadra- 
ture modulation means; 

scaling control means for performing the ampli- 5 
tude adjusting processing of the digital multi- 
plex signal in response to the scaling factor cal- 
culated by said scaling calculation means, and 
for supplying its result to said signal converting 
means; 10 
control signal generating means for generating 
a correction control signal in response to the 
scaling factor generated by said scaling calcu- 
lation means; and 

signal correcting means for performing, in re- *5 
sponse to the correction control signal, correc- 
tion processing of the RF signal output from 
said quadrature modulation means to cancel 
out effect of the amplitude adjusting processing 
carried out by said scaling control means. 20 

The multiplex communication system according to 
claim 1. wherein said control signal generating 
means calculates the scaling factor from an effec- 
tive value of amplitudes of an in-phase component 25 
and a quadrature component of the digital multiplex 
signal and from a digital conversion value of the am- 
plitude range suitable for the signal processing of 
said quadrature modulation means, the digital mul- 
tiplex signal being generated by data modulation 30 
followed by direct sequence CDMA modulation of 
coded transmission data of multiple channels by 
said digital modulation means. 

The multiplex communication system according to 35 
claim 2, wherein said control signal generating 
means calculates the scaling factor by 

S = INT{log 2 (D/Z)} 4Q 

where 
S is the scaling factor, 

INT is a function for taking an integer value, <*5 
Z is the effective value of the digital multiplex 
signal, and 

D is the digital conversion value, 

and supplies the scaling factor to said scaling con- so 
trol means as a scaling control signal, and wherein 
said scaling control means shifts up by S bits the 
digital multiplex signal consisting of the in-phase 
component and quadrature component generated 
by said digital modulation means wh n the scaling 55 
control signal is positive, and shifts down by S bits 
the digital multiplex signal consisting of the in-phase 
component and quadrature component generated 



by said digital modulation means when the scaling 
control signal is negative. 

4. The multiplex communication system according to 
claim 3, wherein said control signal generating 
means provides the digital conversion value D with 
a hysteresis characteristic, and carries out S-bit 
shift up or down of the digital multiplex signal com- 
posed of the in-phase component and quadrature 
component generated by said digital modulation 
means. 

5. The multiplex communication system according to 
claim 1, wherein said control signal generating 
means supplies said signal correcting means with 
the correction control signal passing through RAMP 
processing that is performed in response to the cor- 
rection control signal generated at a predetermined 
time before and the correction control signal gener- 
ated at present. 

6. The multiplex communication system according to 
claim 2, wherein said control signal generating 
means supplies said signal correcting means with 
the correction control signal passing through RAMP 
processing that is performed in response to the cor- 
rection control signal generated at a predetermined 
time before and the correction control signal gener- 
ated at present. 

7. The multiplex communication system according to 
claim 3, wherein said control signal generating 
means supplies said signal correcting means with 
the correction control signal passing through RAMP 
processing that is performed in response to the cor- 
rection control signal generated at a predetermined 
time before and the correction control signal gener- 
ated at present. 

8. The multiplex communication system according to 
claim 4, wherein said control signal generating 
means supplies said signal correcting means with 
the correction control signal passing through RAMP 
processing that is performed in response to the cor- 
rection control signal generated at a predetermined 
time before and the correction control signal gener- 
ated at present. 

9. A signal processing method of a multiplex commu- 
nication system in which signal converting means 
converts into an analog baseband signal a digital 
multiplex signal consisting of a plurality of digital sig- 
nals multiplexed, and in which quadrature modula- 
tion means converts the analog baseband signal in- 
to an RF signal, said signal processing method 
comprising the steps of: 

calculating a scaling factor, which is used for 
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amplitude adjusting processing of the digital 
multiplex signal, in response to an amplitude of 
the digital multiplex signal generated by digital 
modulation means and in accordance with an 
amplitude range suitable for signal processing 
by said quadrature modulation means; 
performing the amplitude adjusting processing 
of the digital multiplex signal in response to the 
scaling factor calculated, and for supplying its 
result to said signal converting means; 
generating a correction control signal in re- 
sponse to the scaling factor generated; and 
performing, in response to the correction con- 
trol signal, correction processing of the RF sig- 
nal output from said quadrature modulation 
means to cancel out effect of the amplitude ad- 
justing processing. 
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